Management of construction processes is extremely difficult due to the nature of the construction industry. The ability to make the right decisions during the construction process ensures online monitoring of process in progress and the environment. Flexibility seems to be an advantage for solve mentioned problems in the case of uncertainty. The presented example shows the possibility of flexible management of construction processes using new technology based on robustness build on the system. Internal curing technology using Phase Change Material additive that protect the top layer of concrete from freezing due to the greater thermal inertia is a strategy of flexibility based on robustness. The second (complementary) strategy is adaptability that provides the ability to heat the concrete in freezing emergency. With the described actions one can mitigate risk grace to achieving the required concrete frost resistance in a relatively short period of time (night temperature drop in the fall/winter period).
Introduction
Construction process management is not an easy task due to the nature of the construction industry. It stems from the nature of construction, which manifests itself among others: 1. Long-chain quality (complex construction processes) 2. The commitment of the human factor (still largely artisanal nature of many processes -a small part of automation and robotics) 3. Dependence on the surrounding environment (e.g. weather conditions).
According to the classification of the common problems in the construction made by Pachon and Jacob [1] , four following can be regarded as a key:
• inaccurate planning • changing requirements
• miscommunication • imprecise execution.
Of course there are many other causes of problems in the management of construction processes that are classified in other categories, e.g.: aversion to implement new technology, extending the construction period, adverse financial conditions, low productivity. The problems mentioned above are largely due to the distortion of construction processes, which result from the typical causes of five sources:
1. investor (e.g. change of requirements in progress) 2. designer (e.g. the errors / omissions in the project documentation)
3. contractor (e.g. the lack of adequate capacity in the circumstances to suspend works) 4 . supplier (e.g. delayed / incorrect delivery) 5. environment (e.g. weather conditions). The negative impact of the environment will not only exceed the budget or not meeting the deadline of project, but also generates a risk of non-quality. This means not only a loss to the contractor, but also social problems (ie. limiting the operation of the airport, a bridge or highway). Numerous spectacular examples (airport in Berlin [2] , the Central Artery/Tunnel Project (CA/T) in Boston [3] , the airport in Modlin [4] ) justify seeking a systemic solution. The use of a flexible approach seems to be an attractive proposition due to the success of this type of solution in flexible manufacturing systems used successfully in other areas of the classical production (flexible manufacturing systems). Naturally, one should be aware of the difference resulting from the adjustment to even the changing needs of the market, while in the case of the construction industry in terms of changing conditions of environment. In this perspective, flexibility is defined as the possibility (but not -the obligation) to adapt actual technological options to the identified (or expected) environmental conditions. Of course, different definitions of flexibility could be expected regarding to the different phases of the life cycle of a building, but the fact that it is important to track a changing environment and processes in progress and current adaptation to change.
The aim of the article is to show the applicability of flexibility in managing construction processes in a changing environment as a remedy for common problems concerning exceeding budget, deadline of the project date and the risk of not meeting the quality requirements. The theoretical part of the article presents a review of literature and basic assumptions of flexibility in the management of the construction industry. The applicability of flexibility is illustrated on concrete case study in low temperature conditions. Applied technological flexibility consisting in the addition of PCM, which enables the proper maturation of concrete, despite short-term reduction in temperature below 0 ° C in the initial stage of maturation in the absence of a special protection. The beneficial effects of robustness as the flexibility built into the construction process by modifying the material were indicated
Flexibility in construction industry
Analyzing the typical recommendations for the implementation of construction processes under varying environmental conditions should be taken into account firstly the desire to minimize the likelihood and impact of negative events and to maximize the probability and the use of the emerging opportunities. With the anticipation of margin of maneuver can be implemented not only in accordance with the most favorable scenario, but also in the case of a negative scenario. It must therefore have a range of options to customize the realization methods to the situation. The second condition for success is to monitor the situation. This makes it easier to adapt to changes on an ongoing basis and continue construction processes, despite the disruption and to limit their impact on the results. The third element is the use of a situational approach -level of flexibility to adapt to the current conditions. Too little will not allow the flexibility to adapt and too much flexibility may result in chaos.
Literature review
When analyzing the literature related to the flexibility in the construction management works of Kaplinski should be noted: concerning management of cyclical construction processes [5] and the superposition of them [6] . Attempts to apply the flexible production systems in the construction industry were described by Reichelt [7] and Halpin [8] . However, it was aimed to implement of flexible systems in typical mode in the treatment of stone materials. De Neufville was pointed the role of flexibility in engineering design as opposed to the search for one best solution, while the operating conditions change, which makes it more efficient to prepare for the changes [9, 10] . Walker with the team [11, 12] introduced the concept of flexible management of construction processes using non-technical management elements (commitment, teamwork). Thomas with team pointed sense of the use of flexibility in case of changing environmental conditions [13, 14, 15, 16, 17] . An important step in implementing a flexible approach is Olsson's work [18] , which emphasizes the development of flexible construction project management tactics.
The use of flexible management in the mining industry was described by Kazakidis and Mayer [19] . Saari at al. [20] developed a system procedure of flexibility in the management of construction facility in the operation stage.
An important step in the implementation of a flexible approach was the concept of risk and uncertainty in the implementation of construction projects based on three elements (Permirova et al. [20] ): learning from examples, application of flexibility and quick decisions in response to changing situation. Paslawski proposed flexible approach to managing the construction process at the 25th Conference ISARC [22] . At the same time Karlowski described the implementation of a flexible approach in the concrete work [23] . Subsequent work by the authors of the article was to implement a flexible approach to noise management [24] , airport construction, concreting monolithic objects, and repair of bridge and manufacturing of modifiers for cement concrete [25] . Shahu et al. [26] point out the different criteria for evaluating the success of the project using a flexible approach. The typical approach is based on the performance (efficiency) associated with meeting the budget and deadline for completion by the requirements of quality specifications. However, the wider look at the effects of application flexibility allows the assessment of effectiveness and added value -suitability for the customer / user. An important step in the implementation of flexibility in the construction industry, taking into account the multi-stage investment process is the project Cileccta whose authors (Falwett et al. [27] take into account not only the analysis of life cycle costs (LCC), but also its impact on the environment (e.g. CO2). In 2014 Hajdasz attempted to use the flexibility in the management of cyclical processes on the example of monolithic structure using sliding formwork [28] . As is clear from the literature review a flexible approach is used in the construction management for almost 30 years, but it should be emphasized differences of approach for levels of management and life-cycle phases of a building object.
Theoretical basis of flexible approach
Theoretical basis of application flexibility based on four elements: 1) contingency theory 2) organizational equilibrium theory 3) law of requisite variety 4) foundations of systems theory Contingency theory assumes that there is no single best method of action, but it depends on the external and internal conditions. The main idea is based on the contingency that the organization should have the ability to choose the appropriate course of action depending on the specific situation. Contingency theory is the opposite to often encountered practice to striving for universal methods of action applicable in any situation. It should be emphasized contingency evolution from the original concept developed by Lawrence and Lorsch [28] to dynamic contingency assuming proactive approach [30] . From the point of view of the proposed approach contingency has a fundamental importance because of adaptation of the execution options to the specific operating conditions.
Organizational equilibrium theory shows the benefits of operation continuity under equilibrium conditions also in case of the involvement of additional resources for this purpose. This is justified by higher operating costs (or lack of it) beyond the state of equilibrium and the costs of restoring equilibrium compared to the cost of maintaining the continuity of balance. Organizational equilibrium theory is a fixed configuration by Mintzberg, while according to Volberda [30] is the ability to adjust to changes due to the flexibility in the organization. Presented flexible approach based on the idea of the benefits of the flexibility in the system, even if it means the need of incurring additional costs.
The law of requisite variety also called Ashby's law is closely related to the theory of organizational equilibrium described above [31] . The basis of maintain the balance at a given stage are: 1) finding the system in equilibrium in the previous step, and 2) the availability of the necessary variety of measures of control (greater than or equal environment characterized by variability) at the current stage. From the viewpoint of flexibility of this approach, it is important to point out certain boundaries of flexibility above which it will not be used.
Theoretical basis resulting from the systems theory include two assumptions [32] : 1) decentralization and 2) focus on key factors. Maintaining balance and adapt to change is the most efficient and effective when it is focused on the action at their source or near these areas. In the case of the construction process our attention should be focused on the operational level. In the proposed approach, flexible management is focused on the key risk factors and uncertainties.
The analysis of the applicability of flexibility may affect different phases of the life cycle and the different levels of management. Admittedly it seems very effective use of flexibility in the design phase (when the level of uncertainty is extremely high). However, at the stage of construction the lack of flexibility can mean not only the loss arising from the cost of rework (repair), but also because low quality can generate increased costs in the operation phase (which can be illustrated with repeated repair sections of roads / streets). In the operation phase should be aware of the need to adapt to changing user requirements. Must account of the possibility of generating problems in the operation phase resulting from errors in the phase of design or construction This justifies a comprehensive look of flexibility at the life cycle of building, as illustrated in Fig. 1 .
Fig. 1. Flexibility chain in construction industry
As can be seen from Figure 1 , the assumption to adjust the scope of the project in the operation phase (gradual expansion) in response to the growing demand seems to be logically justified by long life cycle and the difficulty in predicting the performance requirements in term of 20-50 years. An example of this approach is the bridge of 25 April in Lisbon - fig. 2 . As already mentioned, flexibility can be applied at various levels of management: at the strategic level, tactical level and operational level (process), and in the different phases of the life cycle of a building (design, implementation and operation). Discussed later case study concerns the operational level in the construction 
Principles of flexibility implementation
The simplified formula for the implementation of the flexibility includes seven steps:
1. Define the boundaries of the analyzed subsystem 2. Analysis of risks and uncertainties (key factors) 3. Identify environmental change scenarios 4. Generate flexible options, tactics and strategies 5. Analysis of the performance of the subsystem for different scenarios 6. Acceptance of the solutions (assessed on the basis of the adopted criteria) 7. The introduction of a flexibility in the system (including monitoring results). Of course, in the case of non-acceptance of the solutions obtained (as a result of the simulation), one will return to the previous steps and find a better solution. Similarly, by observing the current results in the implementation must reckon with the possibility to modify the assumptions adopted to date (learning from examples).
Prior to the implementation one should identify key risks and uncertainties, and identifying the possibilities for observation, forecasting and control. Then one specify the feasible options, tactics and strategies of flexibility. It is extremely important on-line decisionmaking and effectiveness of their implementation. The flexibility implemented in the conditions of risk and uncertainty is leading to reduce the impact of negative phenomena and capitalize on the opportunities. One should pay attention to duality of flexibility. Two components can be distinguished: 1. Adaptability (active flexibility), which is the ability to respond rapidly to the predicted / observed changes. Besides predictability / observability process also requires the controllability 2. Robustness (passive flexibility), which only requires knowledge of changes in the environment of factor being analysed. Although from the point of view of technical progress in the collection, transmission and processing of information and control seems to apply more favorable adaptability, but in practice the robustness is preferred due to its simplicity (of which may also be related to lower costs). Threat for the robustness strategy is to maintain a certain constant level of flexibility, which may indicate a risk of exceeding the required level of flexibility, or -even worse -non-compliance of this level to current requirements.
Case study
The present example concerns the operational levelconcrete slabs at a gas station in a period of low temperature. It should be emphasized that the proper use of this flexibility in this case (the achievement of expected results -easy maturation concrete apron translates into effect at the tactical level (completion of projects on time) and strategic (profit for organization). Is also important for the reliability of a building (gas station) during operation. Otherwise -stop the process of curing and damage to the slab surface disqualify this important element of the building leading to the delay of the entire investment, contractual penalties and having to wait for favorable weather conditions (repair / rework). Figure 3 shows the destruction of the concrete structure from surface frost slab at the gas station. Fig. 3 . Frost destruction of the concrete slab surface at the gas station Typical methods used during concreting under conditions of low temperature include: 1) overestimate of the quantity of cement in the concrete mix 2) heating the concrete mix 3) application of concrete admixtures 4) isolation of maturing concrete from the environment (thermal insulation). In this case, the isolation of the concrete mix is difficult because of the special structure of the surface of the slab increasing adhesion and gas station equipment impeding access to the slab (petrol pumps, columns, and roof). Consequently, it is recommended that the use of a heated concrete mix and the concrete admixtures (options 2 + 3). Admixtures adopted it possible to achieve the necessary strength for frost resistance in a relatively short period of time (e.g. 48 h), however, does not protect against the effects of frost of concrete in the first hours of his maturation when the concrete has not obtained adequate strength, but the setting has already begun. Neville [33] indicates that if the concrete freezes immediately after placing, the setting does not occur and thus does not create the microstructure of the hardening concrete, which may be damaged by ice formation. If freezing occurs when the setting of concrete, but before it has acquired sufficient strength (resistance to frost 8-10 MPa), the expansion associated with ice formation causes destruction and irreversible loss of strength. The basic premise of the proposed method is focused on eliminating the risk of incorrect process flow of concreting resulting from the sudden short-term reduction in the ambient temperature (especially during the night), which may lead to the destruction of the concrete structure in the surface layer. The purpose of the addition of Phase Change Materials (PCM) is to maintain a positive temperature at the surface layer of the concrete despite on the risk of frost destruction (most risky is freezing of concrete at the beginning of maturation). In order to confirm the beneficial effects of applying a PCM in the case described were performed laboratory tests.
Laboratory tests
Laboratory tests were carried out in the refrigeration unit with the aim of simulating the conditions of placing of concrete on subsoil. The typical composition of concrete mix were used without the addition of PCM and followed with addition of 5.0% by weight of cement. The composition of the two mixes: without the addition of PCM and with PCM are shown in Table 1 . Analyzing the temperature in two concrete elements under the temperature falls below 0 ° C obtained results confirm the expected effects of the application of PCM (Fig. 4) . 
Monitoring at the construction site
System of monitoring on the construction site is based on thermal imaging camera with the possibility of on-line transmission and air temperature sensors, and forecasting module. The applied the camera allows to set temperature limits initiating signal (email, SMS) and based on it to run the appropriate action. Environmental monitoring is based on: 1) the projection on-line from two independent sources, 2) measured on site using sensors disposed in the surroundings of concreting element, and 3) scan the surface temperature of this concrete slab.
Multifunctional infrared camera was used. Thermal image was recorded with high resolution of 288 pixels × 384 (more then 110 000 measuring points). Work facilitates of the built-in laser pointer and a video camera (1600 × 1200 pixels) with a microphone and speaker.
The camera of this type allows to preview online through a computer with access to the Internet or GSM card. Typical image from this camera is given on fig. 7 . Fig. 7 . Example of camera shot with monitoring of thermal conditions
The described system can be used for control of adaptation options (heating of the concrete), but in this case serves to confirm the correctness process flow of curing. The use of classical adaptation strategies is presented in an earlier article [35] .
Conclusions
The analysis of literature, the theoretical basis and discussed examples allow to draw the following general conclusions: 1. Flexibility seems a method in construction management for efficient and effective action in conditions of risk and uncertainty. Application of flexibility in deterministic conditions is pointless. 2. Flexibility allows to limit the impact of negative phenomena and increases capitalize on the opportunities. 3. Flexibility can be used at different stages of the life cycle of a building (it creates a chain flexibility), and at different levels of management 4. In the case of typical application of strategic level flexibility involves a multi-step process that allows the gradual expansion of investment in response to the growing demand (of course it is also possible to predict the reduction in demand -e.g. in the case of sports facilities after the Olympic or continental competitions). In this case, the criterion is the net present value (NPV). 5. Application of flexibility at the strategic level shall be assessed by investor / user of the object 6. The basic level of application of flexibility for the contractor of construction processes is the operational level 7. A typical application of flexibility at the operational level is to adjust the execution options to environment. In relation to the presented case study it can be concluded that: 8. Additive PCM to the maturing concrete at low temperature reduces the risk of frost damage of the top layer of slab 9. It is essential to apply robustness "embedded" in the process by modifying the material (concrete). 10. The presented strategy of action is intended to quality assurance of concrete maturing at low temperature with risk of short-term temperature drop. The presented operation strategy is based on two robust strategies: 1) to provide a relatively short period of time to achieve the frost resistance by using hot concrete mix and admixtures and 2) ensure the proper conduct of the concrete curing process, despite the risk of periodic sudden drop in temperature below zero thanks to the addition of PCM. The monitoring system on the site is intended primarily to confirm the correct process flow, and not run adaptation strategy (heating of the concrete), which is difficult to implement in the case described.
